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Abstract 
0LFHOODUHQKDQFHG PLFURILOWUDWLRQ 0(0) ZDV VWXGLHG WR UHPRYH UHDFWLYH G\HV IURP DTXHRXV VROXWLRQ ,Q WKLV VWXG\
VLPXOWDQHRXVUHPRYDORI5HDFWLYH%ODFN5%DQG5HDFWLYH2UDQJH52YLD0(0)XVLQJSDOPEDVHGHVWHUTXDW3%(
DV FOHDYDEOH VXUIDFWDQW ZDV LQYHVWLJDWHG 7KH HIIHFW RI VXUIDFWDQW FRQFHQWUDWLRQ RSHUDWLQJ SUHVVXUH DQG LQLWLDO S+ RQ WKH
SHUPHDWHIOX[G\HVDQGVXUIDFWDQW UHPRYDOZHUHGLVFXVVHG WRDVVHVV WKHHIILFLHQF\RI0(0)SURFHVV5HVXOWVREWDLQHG LQ WKLV
VWXG\VKRZVWKDWWKH0(0)SURFHVVDFKLHYHGDOPRVWFRPSOHWHGHFRORXUL]DWLRQRIERWK5%DQG52IURPDTXHRXVVROXWLRQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&3($0
.H\ZRUGV0LFHOODUHQKDQFHGXOWUDILOWUDWLRQHVWHUTXDWUHDFWLYHG\HFULWLFDOPLFHOOHFRQFHQWUDWLRQ
1. Introduction 
7KHHYROXWLRQRI0DOD\VLD¶VWH[WLOHDQGDSSDUHOLQGXVWU\EHJDQLQWKHHDUO\VZKHQWKHFRXQWU\EHJDQPRYLQJ
WRZDUGV WKH H[SRUW RULHQWHG LQGXVWULDOL]DWLRQ 7KLV LQGXVWULDO VHFWRU KDV FRQYLQFLQJO\ FRQWULEXWHG WR 0DOD\VLD¶V
HFRQRPLF JURZWK HVSHFLDOO\ LQ 3HQLQVXODU 0DOD\VLD DQG 6DUDZDN >@ 1HYHUWKHOHVV WKHVH LQGXVWULHV DUH IDFLQJ
SUREOHPVGXH WR ODUJHYROXPHVRIZDVWHZDWHUSROOXWHGZLWKG\HVSURGXFHG LQG\HLQJDQGILQLVKLQJSURFHVV >@


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVVLWLZDKLGD#VDODPXLWPHGXP\
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(YHQD VPDOO DPRXQWRI G\H H[LVWLQJ LQ WKHZDWHU LV QRWLFHDEOH ,W DIIHFWV WKHZDWHU FOHDUQHVV DQG DTXDWLF OLIHE\
EORFNLQJWKHSHQHWUDWLRQRIVXQOLJKWWKURXJKWKHZDWHU>@
7KH WUHDWPHQW RI ZDVWHZDWHU IURP WKH FRWWRQ WH[WLOH SURFHVVLQJ LQGXVWU\ KDV EHHQ ZLGHO\ H[SORUHG LQ WKH
OLWHUDWXUH HVSHFLDOO\ IRU WKH ZDVWHZDWHU IURP G\HLQJ RSHUDWLRQV 7KH UHPRYDO RI G\HV GHSHQGV RQ WKH FKHPLFDO
VWUXFWXUH RI G\HV ZKLFK OHDG WR WKH VHOHFWLRQ RI WKH VXLWDEOH PHWKRG XVH IRU ZDVWHZDWHU WUHDWPHQW 0RVW RI WKH
FRPSRXQGVWUXFWXUHRIG\HVFDQEHYHU\FRPSOH[KHQFHDIIHFWWKHGHJUHHRIELRGHJUDGDELOLW\*HQHUDOO\G\HZLWK
ORZ VROXELOLW\ FDQ EH HDVLO\ UHPRYHG E\ SK\VLFDO PHDQV VXFK DV IORFFXODWLRQ DQG FRDJXODWLRQ +RZHYHU ZDWHU
VROXEOH G\HV VXFK DV UHDFWLYH G\HV FDQQRW EH UHPRYHG HIILFLHQWO\ E\ FRDJXODWLRQ RU DGVRUSWLRQ SURFHVV 7KH
FRQYHQWLRQDO ELRORJLFDO WUHDWPHQW SURFHVVHV DOVR XQDEOH WR DFKLHYH DGHTXDWH FRORXU UHPRYDO >@ (DFK RI WKH
PHWKRGVXVHG IRU WKH WUHDWPHQWRI WH[WLOH G\HLQJ HIIOXHQW KDV LWV RZQFDSDELOLW\ IRU G\H UHPRYDO7KHVHPHWKRGV
KDYHVRPHOLPLWDWLRQDQGGLVDGYDQWDJHVRQWKHWUHDWPHQWSURFHVVHV
0LFHOODUHQKDQFHGXOWUDILOWUDWLRQ 0(8) DQG0LFHOODUHQKDQFHGPLFURILOWUDWLRQ 0(0) DUHNQRZQDVYLDEOH
DOWHUQDWLYH WHFKQLTXHV DV WKH\KDYHSURYHG WKHLU DELOLW\ WR UHPRYH FRQWDPLQDQWV IURPZDVWHZDWHU >@ ,Q WKHVH
SURFHVVHV VXUIDFWDQW LV DGGHG LQWR WKH DTXHRXV VWUHDP FRQWDLQLQJ FRQWDPLQDQWV RU VROXWH HJPHWDO LRQ RUJDQLF
PDWHULDOV ORZPROHFXODUZHLJKW VROXWHDERYH LWVFULWLFDOPLFHOOHFRQFHQWUDWLRQ &0& >@:KHQ WKH VXUIDFWDQW
FRQFHQWUDWLRQH[FHHGVWKH&0&YDOXHWKHVXUIDFWDQWPRQRPHUVZLOODVVHPEOH>@DQGDJJUHJDWHWRIRUPODUJH
DPSKLSKLOLFWUDQVSDUHQWPLFHOOHV>@KDYLQJK\GURG\QDPLFGLDPHWHUVLJQLILFDQWO\ODUJHUWKDQWKHSRUHGLDPHWHURI
XOWUDILOWUDWLRQRUPLFURILOWUDWLRQPHPEUDQH>@7KHFRQWDPLQDQWVRUVROXWHZLOOHQWUDSLQWKHPLFHOOHVLIWKH\
DUH DWWUDFWHG VWURQJO\ E\ WKHPLFHOOH VXUIDFH DQG ZLOO VROXELOL]H LQ WKH PLFHOOH LQWHULRU >@0LFHOOHV FRQWDLQLQJ
VROXELOL]HGFRQWDPLQDQWVZLWKODUJHUGLDPHWHUWKDQWKHPHPEUDQHSRUHVL]HZLOOEHUHMHFWHGE\WKHPHPEUDQHGXULQJ
ILOWUDWLRQSURFHVV OHDYLQJRQO\ZDWHUXQVROXELOL]HGFRQWDPLQDQWVDQGVXUIDFWDQWPRQRPHUV LQ WKHSHUPHDWHVWUHDP
>@
7KH0(8)SURFHVVHVRQG\HVUHPRYDOKDYHEHHQH[SORUHGE\PDQ\UHVHDUFKHUV >@7KHLUZRUNVKRZV
WKDW0(8)LVDSURPLVLQJWHFKQLTXHIRUG\HUHPRYDO+RZHYHUWKHFKHPLFDOVXUIDFWDQWVXVHGLQWKH0(8)SURFHVV
H[LVW LQ WKHSHUPHDWH VROXWLRQDWFRQFHQWUDWLRQ OHVV WKDQ LWV&0&&RQVHTXHQWO\ IXUWKHU WUHDWPHQWRQUHFRYHU\RI
VXUIDFWDQWIURPSHUPHDWHVROXWLRQLVUHTXLUHGWRHQVXUHWKHSURFHVVLVFOHDQIURPKD]DUGRXVPDWHULDOV7KHOLPLWDWLRQ
RQWKHORVVRIVXUIDFWDQWPRQRPHUVDQGVXEPLFHOODUDJJUHJDWHVWKURXJKWKHPHPEUDQHDOVROLPLWVWKHXVHRI0(8)
WHFKQLTXH >@ )XUWKHUPRUH LQ DFWXDO VLWXDWLRQ WKH UHDO WH[WLOH ZDVWHZDWHU FRQWDLQV VHYHUDO PL[WXUHV RI UHDFWLYH
G\HV%DVHGRQWKHVHVWXGLHVWKHUHLVDQHHGWRLQYHVWLJDWHWKHFRPSHWLWLYHUHPRYDORIUHDFWLYHG\HVPL[WXUHXVLQJD
ELRGHJUDGDEOH SODQWEDVHG VXUIDFWDQW LQ VXUIDFWDQWEDVHG VHSDUDWLRQ SURFHVV WR HQVXUH WKH WHFKQRORJ\ LV VDIH DQG
HQYLURQPHQWDOIULHQGO\
7KH REMHFWLYH RI WKLV UHVHDUFK LV WR VWXG\ WKH VLPXOWDQHRXV UHPRYDO RI 5HDFWLYH%ODFN  5% DQG 5HDFWLYH
2UDQJH  52 IURP DTXHRXV VROXWLRQ XVLQJ 0LFHOODUHQKDQFHG 0LFURILOWUDWLRQ 0(0) $ FDWLRQLF
ELRGHJUDGDEOHFOHDYDEOH VXUIDFWDQW SDOPEDVHGHVWHUTXDW 3%(ZDVXVHG LQ0(0)SURFHVVDQG LWVHIIHFWLYHQHVV
ZDV LQYHVWLJDWHG$0L[HG&HOOXORVH(VWHU 0&(PLFURILOWUDWLRQPHPEUDQHZLWKSRUHVL]HRIȝPZDVXVHG
XQGHU XQVWLUUHG GHDGHQG ILOWUDWLRQ 7KH LQYHVWLJDWLRQ RQ WKH HIIHFW RI IHHG VXUIDFWDQW FRQFHQWUDWLRQ RSHUDWLQJ
SUHVVXUHDQGLQLWLDOS+RQ0(0)RI5%52G\HVPL[WXUHLVGLVFXVVHGEDVHGRQWKHSHUPHDWHIOX[SHUFHQWDJH
RIG\HDQGVXUIDFWDQWUHPRYDO
2. Experimental 
 0DWHULDOV
5HDFWLYH G\HV 5HDFWLYH %ODFN  5% 0:  DQG 5HDFWLYH 2UDQJH  52 0:  ZHUH
SXUFKDVHGIURP6LJPD$OGULFK06GQ%KG7KHSODQWEDVHGHVWHUTXDW3%(ZDVREWDLQHGIURP0DOD\VLDQ3DOP
2LO%RDUG032%7KHFKHPLFDOVWUXFWXUHVIRUWKHVHPDWHULDOVDUHSUHVHQWHGLQ)LJWR)LJ


L
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 0HPEUDQH
$PL[HGFHOOXORVHHVWHUV0&(PLFURILOWUDWLRQPHPEUDQHZLWKSRUHVL]HRIȝPREWDLQHGIURP0HUFN
0LOLSRUHZDVXVHGIRUWKHH[SHULPHQWV7KLVPHPEUDQHZDVVHOHFWHGVLQFHWKHVL]HRI3%(PLFHOOHVLVLQWKHUDQJHRI
WRP>@
 0LFHOODUHQKDQFHGPLFURILOWUDWLRQSURFHVV
$OOH[SHULPHQWVZHUHFDUULHGRXWDWURRPWHPSHUDWXUHq&q&LQDP/RIEDWFKVWLUUHGFHOO7KH0(0)
H[SHULPHQWV ZHUH FRQGXFWHG DW URRP WHPSHUDWXUH XVLQJ EDWFK XQVWLUUHG GHDG HQG ILOWUDWLRQ PRGHO 6WHUOLWHFK
+386$'\HVPL[WXUHZDVSUHSDUHGE\GLVVROYLQJHTXDOPDVVRI5%DQG52LQGHLRQL]HGZDWHU7KH
5%52G\HVPL[WXUHFRQFHQWUDWLRQZDVNHSWFRQVWDQWDWPJ/DQG3%(FRQFHQWUDWLRQZHUHVHOHFWHGDERYH
WKH FULWLFDO PLFHOOH FRQFHQWUDWLRQ &0& 7KH &0& RI 3%( LQ DTXHRXV PHGLXP LV  PJ/ >@ 7KH G\HV
PL[WXUHDQG3%(VXUIDFWDQWZHUHPL[HGIRUPLQXWHVZLWKVWLUULQJVSHHGRIUSPEHIRUHLWZDVORDGHGLQWKH
VWLUUHGFHOO7KHGXUDWLRQRIILOWUDWLRQH[SHULPHQWVZDVDERXWPLQXWHVHDFK3HUPHDWHIURPWKHERWWRPFHOOZDV
FROOHFWHGIRUHYHU\PLQ$IWHUHDFKUXQWKHFHOOZDVZDVKHGWKRURXJKO\ZLWKGLVWLOOHGZDWHU7KHXVHGPHPEUDQH
ZDVFOHDQHGLQXOWUDVRQLFFOHDQHUZLWK01D2+IRUPLQRQFHDQGWKHQZLWKGHLRQL]HGZDWHUWZLFH>@7KH
PHPEUDQH SHUPHDELOLW\ ZDV FKHFNHG WR HQVXUH WKDW WKH SHUPHDELOLW\ YDULHG ZLWKLQ  RI WKH LQLWLDO PHDVXUHG
YDOXH$OOH[SHULPHQWVZHUHFRQGXFWHGDWURRPWHPSHUDWXUH.
 $QDO\VLV
7KH SHUPHDWH FRQFHQWUDWLRQV ZKLFK FRQWDLQLQJ G\HV DQG 3%( VXUIDFWDQW ZHUH PHDVXUHG
VSHFWURSKRWRPHWULFDOO\XVLQJ899LVVSHFWURSKRWRPHWHU 3HUNLQ(OPHU/DPEGDDWZDYHOHQJWKRIQPIRU
5% QP IRU5HDFWLYH52 DQG QP IRU 3%( >@'\HV UHPRYDO 5G 3%( VXUIDFWDQW UHPRYDO 5F DQG
N
O
C
O
O
C
O
CH3
CH2CH2OH
+
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ZKHUH&G LV IHHGG\H FRQFHQWUDWLRQ&SG LV SHUPHDWH FRQFHQWUDWLRQRIG\H&F LV IHHG3%(FRQFHQWUDWLRQ&SF LV
SHUPHDWHFRQFHQWUDWLRQRI3%(¨9LVFXPXODWLYHYROXPHGLIIHUHQFH¨WLVWLPHGLIIHUHQFHDQG$LVPHPEUDQHDUHD
>@
3. Results and Discussion 
 (IIHFWRI3%(VXUIDFWDQWFRQFHQWUDWLRQ
)LJD VKRZV WKHHIIHFWRI 3%(FRQFHQWUDWLRQRQG\HV UHPRYDO IRU0(0)RI5%52G\HVPL[WXUHDW
KRXUV RI H[SHULPHQW 7KH FRQFHQWUDWLRQ LV SUHVHQWHG DV 3%( VXUIDFWDQW FRQFHQWUDWLRQ WR FULWLFDO PLFHOOH
FRQFHQWUDWLRQ&&0&UDWLR7KLVILJXUHVKRZVWKDWWKHSHUFHQWDJHRI5%UHPRYDOZDVKLJKHUWKDQ52DW3%(
FRQFHQWUDWLRQUDQJHRI&0&WR&0&7KLVLVFRQVLVWHQWZLWKWKHILQGLQJREVHUYHGLQSUHYLRXVVWXG\IRU0(0)
UHPRYDORIVLQJOH5%DQG52G\HXVLQJ3%(VXUIDFWDQW>@3%(HVWHUTXDWZKLFKFRQVLVWVRIWZRK\GURSKRELF
WDLOV OHDGV WR IRUP YHVLFOHV DQG IOH[LEOH ELOD\HU PLFHOOHV >@ 'XULQJ 0(0) SURFHVV WKH PLFHOOH DUUD\ RQ
PHPEUDQHVXUIDFHFUHDWLQJFRPSDFWJHO OD\HUKHQFH LQFUHDVH WKHUHVLVWDQFHRIG\H WRSDVV WKURXJK WKHPHPEUDQH
VXUIDFHWRWKHSHUPHDWHVLGH6LQFH5%KDVKLJKHUPROHFXODUZHLJKW0:WKDQ520: WKH
SRVVLELOLWLHVRIIUHH5%G\HWRUHWDLQRQPHPEUDQHVXUIDFHLVKLJKHUDVFRPSDUHGWR52WKXVLQFUHDVHWKH5%
UHMHFWLRQ

 
DE
)LJ(IIHFWRI3%(FRQFHQWUDWLRQRQD5%52DQG3%(UHPRYDOESHUPHDWHIOX[IRU0(0)RI5%52G\HVPL[WXUHDIWHUKU
H[SHULPHQWVDWN3D

7KH GHFUHDVH RI SHUFHQWDJH RI5% UHPRYDO IURP WR ZDV REVHUYHG DV WKH 3%( FRQFHQWUDWLRQ
LQFUHDVHGIURP&0&WR&0&KHQFHUHVXOWLQJLQOHVVUHPRYDODVFRPSDUHGWR527KHVPDOOUHGXFWLRQDERXW
LQ52UHPRYDOLQGLFDWHVWKDWWKH52UHPRYDOLVQRWLQIOXHQFHE\WKH3%(FRQFHQWUDWLRQH[FHHG&0&
7KLV ILQGLQJ LV FRQWUDGLFW ZLWK WKH SUHYLRXV VWXG\ RQ0(0) RI VLQJOH5% DQG52 G\H >@ 7KH GLIIHUHQFH
EHWZHHQ WKHVH ILQGLQJV UHYHDOV WKH SUHVHQFH RI FRPSHWLWLYH ELQGLQJ LQWHUDFWLRQ EHWZHHQ 5% DQG 52 LQ 3%(
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PLFHOOHV7KHDELOLW\RI52WRVROXELOL]HLQPLFHOOHVLVKLJKHUWKDQ5%G\H>@7KHUHIRUHWKHELQGLQJDELOLW\RI
52ZLWK3%(VXUIDFWDQWLVJHWWLQJVWURQJHUDW3%(FRQFHQWUDWLRQH[FHHG&0&ZKHUHPRVWRIWKH52G\HLQ
WKHVROXWLRQVROXELOL]HGLQWKHPLFHOOHVDQGUHWDLQHGRQWKHPHPEUDQHVXUIDFHGXULQJILOWUDWLRQSURFHVV$VDUHVXOW
PRUH5%G\HLQVROXWLRQSUHVHQWDV5%IUHHG\HKHQFHSDVVWKURXJKWKHPHPEUDQHWRWKHSHUPHDWHVLGHZKLFK
OHDGVWRWKHLQFUHDVHRI5%G\HFRQFHQWUDWLRQLQSHUPHDWHVROXWLRQ2YHUDOO WKHSHUPHDWHFRQFHQWUDWLRQIRU5%
DQG52REWDLQHGIRU0(0)RI5%52G\HVPL[WXUHXVLQJ3%(VXUIDFWDQWZDVOHVVWKDQPJ/DQG
PJ/UHVSHFWLYHO\
7KH LQIOXHQFH RI IHHG VXUIDFWDQW FRQFHQWUDWLRQ RQ3%( UHPRYDO LV SUHVHQWHG LQ VKRZQ LQ )LJ D )URP WKLV
ILJXUHLWLVFOHDUO\VHHQWKDWWKHUHPRYDORI3%(VXUIDFWDQWZDVVKDUSO\GHFUHDVHGZLWKLQFUHDVHLQ3%(VXUIDFWDQW
FRQFHQWUDWLRQIURP&0&WR&0&7KLVILQGLQJLVFRQVLVWHQWZLWK0(8)VWXG\E\RWKHUUHVHDUFKHUV>@
'XULQJ WKH ILOWUDWLRQ SURFHVV XQGHU XQVWLUUHG FRQGLWLRQ WKHPLFHOOHV RFFXS\PRUH RU OHVV D IL[HG ORFDWLRQ RQ WKH
PHPEUDQHVXUIDFH7KLVFDXVH WRD ORFDOFRQFHQWUDWLRQJUDGLHQWEHWZHHQ IHHGDQGSHUPHDWHVLGHVZKLFK LVFOHDUO\
QRWLFHDEOHDWKLJKHUEXONFRQFHQWUDWLRQV$VDUHVXOWWKHVXUIDFWDQWPRQRPHUVGLIIXVHUDSLGO\WRWKH SHUPHDWHVLGH
KHQFHLQFUHDVHGWKHVXUIDFWDQWFRQFHQWUDWLRQDWSHUPHDWHVLGH>@
)LJ E LOOXVWUDWHV WKH HIIHFW RI 3%( VXUIDFWDQW FRQFHQWUDWLRQ RQ VWHDG\ VWDWH SHUPHDWH IOX[ DW  KRXUV RI
RSHUDWLRQ IRU 0(0) RI 5%52 G\HV PL[WXUH ,W FDQ EH VHHQ WKDW WKH SHUPHDWH IOX[ GHFUHDVHV ZLWK 3%(
FRQFHQWUDWLRQV 7KLV LQGLFDWHV WKDW WKH FRQFHQWUDWLRQ RI PLFHOOHV LQFUHDVHV ZLWK DVFHQGLQJ RI VXUIDFWDQW
FRQFHQWUDWLRQ7KXVPRUHPLFHOOHVDUHUHWDLQHGRQWKHPHPEUDQHVXUIDFHIRUPLQJDWKLFNHUOD\HURIPLFHOOHVNQRZQ
DVJHO OD\HU WKHUHE\RIIHUPRUHUHVLVWDQFHDJDLQVW WKHVROYHQW IOX[FRQVHTXHQWO\ ORZHULQJ WKHSHUPHDWH IOX[7KH
VDPHREVHUYDWLRQZDVDOVRUHSRUWHGLQWKHOLWHUDWXUHXVLQJ0(8)>@

 (IIHFWRIRSHUDWLQJSUHVVXUH
)LJD VKRZV WKHHIIHFWRI RSHUDWLQJSUHVVXUHRQG\HV UHPRYDO IRU0(0)RI5%52G\HVPL[WXUHDW
KRXUVRIH[SHULPHQW,WLVGHSLFWHGIURPWKHILJXUHWKDWWKHG\HUHPRYDODFKLHYHGIRUERWK5%DQG52 LVPRUH
WKDQDQGLQFUHDVHGJUDGXDOO\ZLWKLQFUHDVLQJLQRSHUDWLQJSUHVVXUH7KLVREVHUYDWLRQUHYHDOVWKDWWKHJHOOD\HU
IRUPHGDW3%(FRQFHQWUDWLRQRI&0&LVFRPSDFWHGHQRXJKWRUHWDLQPRVWO\G\HVVROXWHVLQDTXHRXVVROXWLRQ7KH
VOLJKWLQFUHDVHGLQ52G\HUHPRYDOREVHUYHGLQGLFDWHWKDWWKHLQFUHDVHLQRSHUDWLQJSUHVVXUHFDXVHWKHJHOOD\HUWR
EHFRPHPRUHFRPSDFWHGZKHUHWKHIUHHG\HVZHUHIRUFHWRJHWVROXELOL]HGLQ3%(PLFHOOHVKHQFHOHDGVWRFRPSOHWH
GHFRORXUL]DWLRQ RI 5% DQG 52 LQ DTXHRXV VROXWLRQ 7KLV ILQGLQJ ZDV LQ D JRRG DJUHHPHQW ZLWK 'DQLV DQG
.HVNLQOHU >@ ZRUN LQ WKHLU VWXG\ RI FKURPDWH UHPRYDO YLD 0(8) XVLQJ &7$% VXUIDFWDQW $W ORZ RSHUDWLQJ
SUHVVXUHWKHWLPHUHTXLUHGIRUPLFHOOHVWRILOOLQWKHPHPEUDQHSRUHLVVORZHUKHQFHDOORZLQJIUHHG\HVSDVVWKURXJK
WKHPHPEUDQHVLGH7KHLQFUHDVHLQRSHUDWLQJSUHVVXUHZLOOLQFUHDVHWKHSDFNLQJRIWKHVXUIDFWDQWDQGWLPHUHTXLUHG
IRUPLFHOOHVWRILOOLQWKHPHPEUDQHSRUHFRQVHTXHQWO\LQFUHDVHWKHUHPRYDORIIUHHG\HV


 
DE
)LJ(IIHFWRIRSHUDWLQJSUHVVXUHRQD5%52DQG3%(UHPRYDOESHUPHDWHIOX[IRU0(0)RI5%52G\HVPL[WXUHDIWHUKU
H[SHULPHQWVDWN3D
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,WLVDOVRFOHDUO\VHHQIURP)LJDWKDWWKHVKDUSGHFOLQHLQ3%(VXUIDFWDQWUHPRYDOZDVREVHUYHGDVRSHUDWLQJ
SUHVVXUHLQFUHDVHG7KHUHPRYDORI3%(GHFUHDVHGIURPWRDVWKHRSHUDWLQJSUHVVXUHLQFUHDVHGIURP
N3DWRN3DWKHQUHPDLQVFRQVWDQWDWN3D7KHUHDVRQIRUWKLV ILQGLQJLVGXHWRLQFUHDVHLQFRQYHFWLYH
WUDQVSRUWDVRSHUDWLQJSUHVVXUHLQFUHDVHVZKLFKOHDGWRWUDQVSRUWPRUH3%(VXUIDFWDQWPRQRPHUWRSDVVWKURXJKWKH
PHPEUDQHVXUIDFHWRWKHSHUPHDWHVLGH7KLVUHVXOWHGLQDQLQFUHDVHRI3%(FRQFHQWUDWLRQLQSHUPHDWHVROXWLRQ
,WLVREVHUYHGLQ)LJEWKDWWKHSHUPHDWHIOX[LQFUHDVHGDVWKHRSHUDWLQJSUHVVXUHLQFUHDVHG9HQNDWDJDQHVK
HWDO>@UHSRUWHGWKDWWKHGULYLQJIRUFHLVKLJKHUDWKLJKHURSHUDWLQJSUHVVXUHKHQFHOHDGVWRLQFUHDVHLQSHUPHDWH
IOX[+RZHYHURQO\RISHUPHDWHIOX[LQFUHDVHGDVWKHRSHUDWLQJSUHVVXUHLQFUHDVHGIURPN3DWRN3D
7KHUHIRUH LW FDQ EH FRQFOXGHG WKDW WKH SHUPHDWH IOX[ WUHQG REVHUYHG VHHPV FRQVWDQW ZLWK LQFUHDVH RI RSHUDWLQJ
SUHVVXUHZKLFKSURYHGWKDWWKH3%(PLFHOOHVLVIXOO\FRPSDFWHGDWORZRSHUDWLQJSUHVVXUH

 (IIHFWRILQLWLDOS+
)LJ D VKRZV WKH HIIHFW RI LQLWLDO S+ RQ G\HV UHPRYDO IRU0(0)RI5%52 G\HVPL[WXUH DW  KRXUV RI
H[SHULPHQWV ,W LVGHSLFWHGIURPWKLV ILJXUHWKDW WKHUHPRYDORI5%XVLQJ3%(VXUIDFWDQWVHHPVLQYDULDQWZKLOHD
VOLJKW LQFUHDVH RI52 UHPRYDO ZDV REVHUYHG DV WKH LQLWLDO S+ LQFUHDVHG IURP  WR  $W ORZ S+ WKH G\H
VXUIDFWDQW VROXWLRQ LV PRUH SURWRQDWHG GXH WR WKH LQFUHDVH LQ FRQFHQWUDWLRQ RI LRQ + 7KH SRODU KHDG JURXS LV
VXUURXQGHGE\LRQ+ZKHUHE\LQFUHDVHWKHUHSXOVLYHIRUFHEHWZHHQSRODUKHDGJURXSKHQFHORZHUWKHWHQGHQF\RI
VXUIDFWDQWWRIRUPDJJUHJDWHV >@7KHUHPRYDORI52ZDVGHFUHDVHGDVWKHLQLWLDOS+LQFUHDVHGIURPWR
7KHSHUIRUPDQFHGDWD IRU0(0)XVLQJ3%(VXUIDFWDQWDW LQLWLDOS+RILVQRWSUHVHQWHGLQWKLVILJXUHVLQFHWKH
SHUPHDWHIOX[REWDLQHGLVWRRIDVWWREHPHDVXUHGKHQFHFRPSDULVRQVWXG\DWKURIRSHUDWLRQLVQRWSRVVLEOH7KH
DGMXVWPHQWRILQLWLDOVROXWLRQS+H[FHHGVDONDOLQHFRQGLWLRQZDVSHUIRUPHGXVLQJVRGLXPK\GUR[LGH1D2+
7KH DGGLWLRQDO RI 1D2+ LQ 3%( VXUIDFWDQW LQGXFHG WKH DONDOLQH FDWDO\]HG K\GURO\VLV ZKHUH WKH HVWHU ERQG
K\GURO\]HG UDSLGO\ SURGXFLQJ WZR IDWW\ DFLG VRDS PROHFXOHV DQG VPDOO K\GURSKLOLF TXDWHUQDU\ > @ 7KH
K\GURO\VLV RI 3%( VXUIDFWDQW SURGXFHG IDWW\ DFLG VRDS NQRZQ DV VRGLXP SDOPLWDWH &+1D2 $V D UHVXOW
FRQFHQWUDWLRQRIVXUIDFWDQWLVUHGXFHGZLWKDGGLWLRQRI1D2+ZKLFKGHFUHDVHWKHQXPEHURIPLFHOOHVIRUPHGLQWKH
VROXWLRQ7KHUHIRUHDPRXQWRI52VROXELOL]HGLQPLFHOOHVGHFUHDVHVKHQFHDOORZLQJPRUH52IUHHG\HWRSDVV
WKURXJKWKHPHPEUDQH

 
DE
)LJ(IIHFWRILQLWLDOS+RQD5%52DQG3%(UHPRYDOESHUPHDWHIOX[IRU0(0)RI5%52G\HVPL[WXUHDIWHUKU
H[SHULPHQWVDWN3D

)URP )LJ D LW LV REYLRXVO\ GHSLFWHG WKDW WKH ORZHVW VXUIDFWDQW UHPRYDO REWDLQHG IRU 0(0) XVLQJ 3%(
VXUIDFWDQWLVDWLQLWLDOS+RI7KHIRUPDWLRQRI3%(PLFHOOHVDUHVOLJKWO\LQHIIHFWLYHDWORZLQLWLDOS+ZKLFK
OHDG WR VOLJKW LQFUHDVH RI VXUIDFWDQW FRQFHQWUDWLRQ LQ PRQRPHU IRUP 7KH VXUIDFWDQW IUHH PRQRPHUV ZKLFK DUH
VPDOOHU LQ VL]H KDYH WHQGHQF\ WR SDVV WKURXJK WKH PHPEUDQH ZKHUHE\ LQFUHDVHG LWV FRQFHQWUDWLRQ LQ SHUPHDWH
VROXWLRQ+RZHYHU WKH UHPRYDO RI3%( VXUIDFWDQWZDV VOLJKWO\ LQFUHDVHG DV WKH LQLWLDO S+ LQFUHDVHG IURP WR
)XUWKHULQFUHDVHRILQLWLDOS+UHVXOWHGLQLQYDULDQW3%(UHPRYDO$VWKHLQLWLDOS+LQFUHDVHGH[FHHGVWKHDONDOLQH
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FDWDO\]HG K\GURO\VLV VWDUWHG WR RFFXU KHQFH GHFUHDVHG WKH FRQFHQWUDWLRQ RI VXUIDFWDQW SUHVHQWV LQ WKH VROXWLRQ
7KHUHIRUH WKH LQFUHDVH RI VXUIDFWDQW UHPRYDO DW WKLV FRQGLWLRQ ZDV LQIOXHQFHG E\ WZR IDFWRUV WKH SRWHQWLDO RI
VXUIDFWDQWPRQRPHUVWRUHWDLQRQPHPEUDQHVXUIDFHDQGWKHORVVRIVXUIDFWDQWWKURXJKK\GURO\VLVSURFHVV
)LJ E VKRZV WKH HIIHFW RI LQLWLDO S+ RQ WKH SHUPHDWH IOX[ IRU 0(0) RI 5%52 PL[WXUH XVLQJ 3%(
VXUIDFWDQWDWKRXUVRIH[SHULPHQWV2QO\DVPDOOLQFUHDVHRISHUPHDWHIOX[IRU0(0)XVLQJ3%(VXUIDFWDQWIURP
[PP∙VWR[PP∙VZDVREWDLQHGDVWKHLQLWLDOS+LQFUHDVHGIURPWR7KLVUHVXOWFRQILUPVWKDW
WKHDONDOLQHFDWDO\]HGK\GURO\VLVRFFXUUHGLVLQVLJQLILFDQWWR WKHFKDQJHVLQSHUPHDWHIOX[+RZHYHU WKHSHUPHDWH
IOX[LVWRRIDVWWREHPHDVXUHGDVWKHLQLWLDOS+LQFUHDVHGWR7KHUHPDUNDEOHFKDQJHVRFFXUUHGEHWZHHQLQLWLDOS+
RIDQGLVGXHWRWKHLQFUHDVHRI1D2+FRQFHQWUDWLRQLQWKHVROXWLRQ'XULQJWKHS+DGMXVWPHQWWKHDPRXQWRI
1D2+UHTXLUHGWRLQFUHDVHS+WRLVWLPHVKLJKHUWKDQWKHDPRXQWXVHGWRLQFUHDVHS+WR7KH3%(PLFHOOHV
DUHXQDEOH WR IRUPZLWK WKHSUHVHQFHRIKLJKFRQFHQWUDWLRQRI LRQ2+íDQG1D LQ WKH VROXWLRQ7KHUH LVQRSRUH
EORFNLQJVLQFHWKHUHDUHQRPLFHOOHVWREORFNWKHPHPEUDQHSRUHDQGIRUPLQJWKHJHOOD\HURQPHPEUDQHVXUIDFH
KHQFHUHVXOWHGLQKLJKSHUPHDWHIOX[ZKLFKLVWRRIDVWWREHPHDVXUHG

Conclusion 
6LPXOWDQHRXVUHPRYDORI5HDFWLYH%ODFN5%DQG5HDFWLYH2UDQJH52YLD0(0)XVLQJSDOPEDVHG
HVWHUTXDW3%(DVFOHDYDEOHVXUIDFWDQWZDVLQYHVWLJDWHG7KHVWXG\RQWKHHIIHFWRIVXUIDFWDQWFRQFHQWUDWLRQUHYHDOV
WKDW WKHPD[LPXPG\HVUHPRYDOREWDLQHGDW&&0&UDWLRRI7KHUHPRYDORI3%(VXUIDFWDQWDQGSHUPHDWHIOX[
GHFUHDVHVZLWK LQFOLQH LQ VXUIDFWDQW FRQFHQWUDWLRQ7KLV VWXG\ DOVR UHYHDOHG WKH H[LVWHQFHRI FRPSHWLWLRQEHWZHHQ
5%DQG52G\HVLQWKHDTXHRXVVROXWLRQGXULQJWKH0(0)SURFHVV7KHHIIHFWRIRSHUDWLQJSUHVVXUHGLVFORVH
WKDW VOLJKW LQFUHDVH RI 52 G\H UHPRYDO ZLWK LQFUHDVH LQ 3%( FRQFHQWUDWLRQ 7KH UHPRYDO RI 3%( VXUIDFWDQW
GHFUHDVHV JUDGXDOO\ ZKLOH VOLJKW LQFUHDVH RI SHUPHDWH IOX[ZDV REWDLQHG IRU DOO UDQJH RI RSHUDWLQJ SUHVVXUH 7KH
LQFUHDVHRILQLWLDOS+WRJDYHQHJDWLYHLPSDFWRQSHUIRUPDQFHRISHUPHDWHIOX[ZKHUHE\WKHIOX[LVWRRIDVWWREH
PHDVXUHG5HVXOWVREWDLQHGLQWKLVVWXG\SURYHGWKDWWKH0(0)SURFHVVDFKLHYHGFRPSOHWHGHFRORXUL]DWLRQRIERWK
5% DQG52 IURP DTXHRXV VROXWLRQ DW VXUIDFWDQW FRQFHQWUDWLRQ RI &0& RSHUDWLQJ SUHVVXUH RI  N3D DQG
LQLWLDOS+RIXQDGMXVWHGS+7KHVHILQGLQJFRQILUPVWKDW0(0)XVLQJ3%(DVVXUIDFWDQWLVSRVVLEOHWRUHPRYH
UHDFWLYHG\HVIURPDTXHRXVVROXWLRQ

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